Aim The impact of maturity onset diabetes of the young (MODY) on quality of life (QoL) has never been examined. We assessed disease impact on QoL among patients with HNF1A-MODY and GCK mutation carrier status. Methods The study included 80 patients with HNF1A-MODY and 89 GCK gene mutation carriers. We also examined 128 type 1 diabetes (T1DM) patients for comparison. Diabetes-specific QoL was assessed using the Audit of Diabetes Dependent Quality of Life questionnaire. Results HNF1A-MODY and GCK-MODY groups had similar mean age (41.7 vs. 38.0 years, respectively) and BMI (24.1 vs. 24.3 kg/m 2 ), whereas T1DM patients were on average younger (34.2 years) with similar BMI (25.0 kg/m 2 ). Less than a third of GCK mutation carriers were on pharmacotherapy (n = 20, 31%), while the majority of HNF1A mutation carriers used oral drugs or insulin (n = 66, 82.5%). While current QoL was similar across the three groups (p = 0.66), two other major indices-the impact of diabetes on QoL and the average weighted impact (AWI)-differed among them (p < 0.001 for both comparisons). The impact of diabetes on patient QoL and AWI observed in both MODY groups was smaller than in T1DM. Etiological diagnosis of diabetes and a diagnosis of retinopathy were the only independent factors influencing the impact of diabetes on QoL and AWI in regression analysis. In HNF1A-MODY, all three major indices of QoL were more heavily influenced for patients on insulin in comparison to other treatment sub-groups. Conclusion MODY has a smaller negative impact on QoL compared to T1DM. Mode of treatment further stratifies QoL decline for HNF1A-MODY subjects.
Introduction
Quality of life (QoL) is a well-established concept; however, it does not possess a commonly accepted definition. According to the World Health Organization (WHO), QoL consists of an individual's perceptions of one's life in the context of value systems, culture, concerns and individual ambitions [1] . QoL is also affected by factors such as psychological well-being, physical health and fitness, independence, relationships with other people, and the environment in which the person lives [2] . In the case of patients with diabetes, specific QoL indices are used to create a comprehensive, precise, and personal assessment of the disease along with its role in the individual's life [3] .
A diagnosis of either major form of this disease-type 1 diabetes (T1DM) and type 2 diabetes (T2DM)-is associated with deterioration in QoL [3] [4] [5] [6] . However, no QoL data are available for patients with monogenic diabetes which has an estimated prevalence of 2-5% of all diabetic patients [7] . MODY is a heterogeneous group of singlegene diabetes. A single mutation in either the GCK or HNF1A gene accounts for up to 80% of all MODY cases, and presents as a diverse clinical picture. Individuals with GCK-MODY are born with a mildly elevated glucose level that neither requires pharmacotherapy nor progresses substantially later in life [8] . In contrast, HNF1A-MODY patients develop diabetes in the 2nd and 3rd decades of life, and usually need pharmacological treatment to both control hyperglycemia and subsequently prevent chronic diabetic complications [9] . Sulfonylurea (SU) tablets are particularly effective in controlling glucose level in HNF1A-MODY; however, insulin therapy may be necessary later in life [9, 10] . Although MODY is generally a less severe form of the disease as compared to T1DM, its diagnosis is also likely to impact QoL for affected individuals. This can be further influenced by the fact that many MODY patients receive unnecessary or inadequate treatment, sometimes in spite of molecular diagnosis [10] .
In this study, we aimed to assess a health-related QoL estimate in patients with a genetic diagnosis of HNF1A-MODY and GCK mutation carrier status. We subsequently sought to compare this estimate with that of T1DM patients by using the Audit of Diabetes Dependent Quality of Life (ADDQoL) questionnaire.
Patients and methods
We attempted to contact all adult patients who had been registered in our MODY patient database over approximately the last 15 years [11] . We initially considered 130 diabetic patients with HNF1A-MODY and 128 subjects with GCK-MODY mutations. Eventually, 80 HNF1A-MODY and 89 GCK-MODY patients (45 diabetic, 44 pre-diabetic) completed the questionnaire. The rest of the potential participants from the database either could not be reached-using the contact information they had provided us-or, rarely, refused to participate in the study. The basic characteristics, such as age and gender, of MODY individuals who did not enter the study were not different from the actual study participants as discussed below. We also included 128 consecutive T1DM patients from two diabetes outpatient clinics for the comparison.
The patients were considered eligible for this study if they were previously diagnosed with diabetes, were on hypoglycemic therapy, or met the WHO criteria based on fasting glucose measurements at the initial examination. For GCK-MODY, we also included mutation carriers with formal fasting pre-diabetic status as they were generally informed by their physicians to be affected by a genetically inherited form of diabetes. All study individuals were white Caucasian residents of southeastern Poland. The MODY participants previously had a genetic diagnosis of MODYrelated mutation established during research activities performed at the Department of Metabolic Diseases, Jagiellonian University Medical College in Krakow, Poland. The pathogenicity of mutations was determined based on earlier published reports, DNA sequencedifference biological character, and co-segregation with diabetes within the families. The ascertainment criteria and genetic testing procedures for MODY were as previously described [11] . Subjects were defined as having T1DM if they had typical clinical symptoms at diagnosis, an insulin therapy requirement from the beginning of the disease, and were diagnosed prior to the age of 30 with diabetes. They were recruited from two out-patient clinics in Krakow.
Subjects received a standard questionnaire and subsequently underwent physical examination. Diagnosis of diabetes complications was based on questionnaires. We excluded all individuals with severe concomitant chronic diseases of the respiratory tract, liver, or kidney. Additionally, pregnant women, as well as patients with neoplasms or active infections were also screened out of the study. Laboratory and genetic analyses were performed as reported in our previous papers [12] . This study was performed in compliance with the Helsinki Declaration, and its design was reviewed and subsequently approved by the university Bioethical Committee.
Diabetes specific QoL was assessed using the latest, 19th Polish edition of the ADDQoL [13] , which determines an individual's perception and significance of the impact of diabetes on various aspects of their QoL [14] . This Polish version of the ADDQoL was professionally validated. Participants evaluated the impact of the disease on different domains of their life using a scale from −3 (maximum negative impact) to +1 (maximum positive impact). Further, they ranked the weight of the domain for their QoL on a scale from 3 (very important) to 0 (not at all important) [15] . Ranging from −9 (maximum negative impact) to +3 (maximum positive impact), the weighted impact score for every domain was calculated by multiplying the impact rating by the importance rating [14] . To determine an overall continuous Average Weighted Impact (AWI) score, we summarized the weighted ratings of relevant domains, and then divided the result by the number of domains http://www.r-project.org. A low continuous ADDQoL score indicates a negative impact of the disease on QoL. We performed statistical analyses to determine the difference between the two (student t-test) and three (ANOVA) study groups; non-parametric tests were applied as equivalents (Mann-Whitney U-test; Kruskal-Wallis test) where necessary. For post hoc analysis, pairwise Wilcox test with Bonferroni correction was applied. We used chi-square or Fisher's exact tests where appropriate for categorical variables. Additionally we fit the multivariate regression models to identify significant predictors of QoL indicators (present QoL, impact of diabetes, AWI) from among 6 independent possible cofounders: time from diabetes diagnosis, age of examination, BMI, gender, presence of retinopathy, and type of diabetes diagnosis (with T1DM as reference). Pvalues less than 0.05 were considered significant. Statistical analysis was carried out using R software version 3.4.2 [16] .
Results
The clinical characteristics of the study groups are presented in Table 1 . More women than men responded in both MODY cohorts, whereas in T1DM slightly more men were included. HNF1A-MODY patients and GCK-MODY mutation carriers had similar age at examination (41.7 ± 14.8 years vs. 38.0 ± 14.2 years, respectively) and BMI (24.1 ± −15.4 kg/m 2 vs. 24.3 ± 3.7 kg/m 2 ). T1DM patients were similar in age to GCK mutation carriers but significantly younger (34.2 ± 12.1 years) than HNF1A-MODY patients, and had BMI similar (25.0 kg/m 2 ) to both MODY groups. Less than a third of GCK mutation carriers were on pharmacotherapy (n = 20, 31%), while the majority of HNF1A mutation carriers used oral drugs or insulin (n = 66, 82.5%). Among those patients with HNF1A-MODY who were on pharmacotherapy, more than 50% used SU (n = 44), around 15% used metformin (n = 13), and almost 40% were on insulin therapy (n = 20). All T1DM patients were on intensive insulin therapy: exactly half of them used insulin pumps, while the others were on multiple daily injections. There was a higher proportion of diabetic complications in both the HNF1A-MODY and the T1DM groups than in the GCK mutation carriers (Table 1) .
There was no difference in current QoL between the three groups: 1.15 ± 0.70 vs. 1.23 ± 0.76 vs. 1.14 ± 0.74, respectively, in HNF1A-MODY and GCK-MODY and T1DM (p = 0.66) (Fig. 1) . However, both AWI and the impact of diabetes on the patient's QoL differed between the groups (p < 0.001; p < 0.001). The impact of diabetes on the patient's QoL was the largest in T1DM patients (−1.6 ± 1.05). Less profound impacts were identified in HNF1A-MODY (−0.96 ± 1.05; p < 0.05), as well as in GCK-MODY (−0.63 ± 0.88; p < 0.001). Similarly, group AWI decreased most in T1DM (−1.99 ± 1.39) followed by HNF1A-MODY (−1.52 ± 1.44; p < 0.05) and then GCK-MODY (−0.95 ± 1.06; p < 0.001). Both the impact of diabetes and AWI indices were worse in the HNF1A group as compared to the GCK-MODY cohort (p < 0.05 for both comparisons).
Additional analyses were performed according to the treatment method in HNF1A-MODY, for which different therapeutic approaches are used. Pharmacotherapy (insulin and/or OHA) had a significant impact on QoL. When comparing patients on insulin (n = 30) with the rest of MODY group (n = 50), all three major indices-'present QoL', 'impact of diabetes on QoL' and AWI-were worse in the insulin group (p values of 0.02, 0.000, and 0.003, respectively) (Table 2A) . No significant subgroup differences were found for diabetes status or method of treatment in the GCK-MODY group across all three major QoL indices (Table 2B) . Additionally, no gender difference were found both within the status and treatment subgroups, as well as over the entire cohort across all three QoL indices.
Regression models were also built for the main QoL indices to search for significant independent factors. Age of examination was the only independent predictor of the current QoL (p < 0. When specific domains of QoL in three main groups were analyzed, we found differences in most-14 out of 19 -domains (Fig. 2) . The only non-significant finding were in 'freedom to eat', 'freedom to drink', physical appearance', 'people's reaction', and 'living conditions' domains. In terms of absolute values, T1DM was characterized by the highest impact in 14 domains except 'freedom to eat', 'freedom to drink', 'motivation', 'physical appearance', 'family life', 'people's reaction'. Conversely, GCK-MODY was characterized by the lowest impact on specific domains except 'freedom to eat' (slightly higher impact than in HNF1A-MODY).
We also compared patients on insulin from two different groups (HNF1A-MODY and T1DM) to search for differences in specific domains (Figs. 3 and 4) . Surprisingly, absolute negative impact was higher in HNF1A-MODY than in T1DM for the majority of the domains (15 out of 19) , with the differences being significant in three: 'freedom to eat', 'motivation', and 'family life' (Fig. 3) . Diabetes impact on specific domains of QoL in patients with HNF1A-MODY according to treatment method, insulin vs. all the others therapies, is shown in Fig. 4 .
Discussion
Our literature search indicates our work to be the first report of disease impact on QoL for patients with either of the two most common forms of monogenic diabetes: HNF1A-MODY and GCK-MODY. We observed a substantial impact by diabetes on QoL in both single gene disease groups. We also compared data from both MODY subtypes with T1DM, and described differences between cohorts of patients related to both etiological diagnosis, as well as mode of treatment.
Being diagnosed with T1DM or T2DM diabetes has previously been reported to have an important impact on QoL: the disease usually changes the person's psychological comfort, lifestyle, and general well-being [3] [4] [5] [6] . These changes frequently lead to feelings of losing control accompanied by an increase in both stress and emotional sensitivity. The results of the Diabetes Attitudes, Wishes, and Needs (DAWN) study showed that more than 40% of patients with T1DM and T2DM had impaired QoL and diabetes contributed to many psychosocial problems [16] .
In the current study, the impact of diabetes on QoL and AWI was most significant among T1DM patients, followed by those in the HNF1A-MODY and then GCK-MODY group. These unsurprising differences are in line with wellknown disparities in the clinical picture among GCK-MODY, HNF1A-MODY, and T1DM. Notably, etiological diagnosis together with a diagnosis of retinopathy wasthe only independent factor in our regression analysis influencing the impact of diabetes on QoL and AWI. We did not include a comparison group with T2DM from the Polish population, so a direct comparison was not possible. However, in a recently published study involving Spanish T2DM patients, the impact of diabetes on QoL seemed to be larger than in all our study groups [17] . The list of possible factors contributing to this fact includes age, frequent diabetes complications, and comorbidities.
Additionally, QoL in HNF1A-MODY-the more severe form of the two examined single gene disease-was better for patients being treated solely with diet-modification than in those on pharmacotherapy. Interestingly, insulin use in HNF1A-MODY was associated with a particularly large negative impact, showing a clear burden on QoL-probably even higher than in T1DM. Our findings concur with other research works where insulin use was associated with decreased QoL [18] [19] [20] [21] . The reason for the significant impact of insulin use on QoL in HNF1A-MODY is not clear. One possible explanation is that T1DM patients are using insulin from the very beginning of the disease, while MODY individuals usually have to switch from oral hypoglycemic agents-which are generally more convenient to use.
In the current study, the largest impact of diabetes in all groups was observed on the 'freedom to eat', 'feelings about future', and 'freedom to drink' dimensions. Similar results were reported in earlier studies involving patients with both types of diabetes [13, [22] [23] [24] . The negative impact from the loss of dietary flexibility on the patients' diabetes-specific QoL refers not only to dietary restrictions around healthy eating and weight loss, but also the need to regularly monitor the relationship between food intake, energy expenditure, and blood glucose level for the majority of patients with diabetes.
A positive family history of diabetes is a typical feature of MODY. Interestingly, it was earlier reported that among patients with T2DM younger than 60 years of age, a positive history of diabetes was a protective factor for the quality of age [21] . This may be related to pre-existing information about diabetes and knowledge-sharing by family members affected by diabetes with those not yet affected. On the other hand, the AWI of diabetes on QoL was found in the same study to be more significantly negative in adults with early T2DM compared with those diagnosed later [25] . Early age of diagnosis is a typical feature of patients with MODY. Therefore, the balancing effect between younger age of diagnosis and positive family history of diabetes seems to be likely in MODY. The information provided by medical personnel to patients on their specific type of MODY diagnosis might have also been a factor influencing our results. Those with GCK mutation were informed about both the mild nature of the defect and the unlikelihood of advanced diabetic complication risks among family members. This contrasts with the situation of patients diagnosed with HNF1A-MODY, who were warned about disease progression and the likely need for pharmacological treatment. Such counseling is likely to influence the QoL of the patient. It is interesting that in spite of the very moderate nature of the glycemic defect, rare pharmacological treatment requirement, and excellent Fig. 4 Diabetes mean impact on specific domains of QoL in patients with HNF1A-MODY according to treatment method prognosis, a substantial negative impact of diabetes on QoL was observed also in GCK-MODY. This seems to underline the importance of properly conveying information to patients by their consulting geneticists and diabetes specialists. Of note, some patients in the GCK-MODY group continued with pharmacological treatment after both the patient and their physician were informed about the nature of their genetic diagnosis. The disregarding of monogenic diabetes treatment guidelines for genetically tested GCK-MODY patients by some physicians has been reported also in other countries-such as the UK, where 22% of GCK-MODY patients were on pharmacological treatment after molecular diagnosis had been made [26] .
The limitations of our study include the lack of pregenetic and post-genetic-diagnosis comparison-due to the post molecular-testing collection of the QoL results. Additionally, individuals with pre-diabetes were also included in the GCK-MODY group. Also, diagnosis of diabetic complications was based on questionnaires and not on medical examinations constituting a part of the study protocol. Moreover, variations in gender distribution were present across the study groups-the majority of patients were women in both MODY groups but not in T1DM. This variation may be related to the greater propensity of mothers to participate in the study due to intristic personal motivations regarding the hereditary, multigenerational nature of the disease. Instead, participation in the T1DM cohort was consecutive resulting in a balanced participation of both genders. It should be noted, however, we found no gender effect across and within our study groups. Furthermore, we did not systematically collect data on education and occupation of our study patients; thus, any sub-analysis based on these data was not possible. The study results could have been influenced by various potentially confounding factors that were not included in our regression analysis. Finally, we did not include patients with T2DM from our population for a direct comparison.
In summary, a diagnosis of HNF1A-MODY or GCK-MODY, the most frequent subtypes of monogenic diabetes, has a negative impact on QoL for affected individuals. Mode of treatment seems to additionally influence QoL for HNF1A-MODY subjects. Educational programs with the objective of minimizing the negative impact of MODY on patient QoL are highly recommended in view of these findings.
